This is a study on the interaction between water surface waves and a thin layer of viscoelastic mud on the bottom. On assuming that the mud layer is comparable in thickness with the wave boundary layer and is much smaller than the wavelength, a two-layer Stokes boundary layer model is adopted to determine the mud motions under the waves. Analytical expressions are derived for the near-bottom water and mud velocity fields, surface wave-damping rate, and interface wave amplitude and phase lag. It is examined in particular how these kinematic quantities may depend on the viscous and elastic properties of the mud.
INTRODUCTION
The interaction between waves propagating on the surface of a body of water and the bed material is a long standing coastal problem. The problem is practically important because the waves can be attenuated at a much faster rate when the bed material is viscous and deformable than when it is rigid. The enhanced wave attenuation is essentially caused by the feeding of energy from the surface waves into the bottom fluid motions which are subject to viscous dissipation.
It is well known that under wave excitation, a thin layer of fluidized mud will form above a coastal bed that is made up of cohesive sediments. Depending on the concentration, the mud can behave like a viscous fluid or elastic solid or a combination of both. Assuming the mud being a Newtonian viscous fluid, Dalrymple and Liu (1978) developed a two-layer model for waves over soft mud, which is a complete model valid for any depth of the two layers. They found that the principal energy transfer to the lower layer is the pressure of the surface waves working on the mud. An interesting result is that a maximum attenuation rate will occur when the depth of the mud layer is about 10-50% thicker than the wave boundary layer in the mud. Hsiao and Shemdin (1980) also studied the interaction between water waves and a muddy bottom by considering the bottom to be a viscoelastic material, but they neglected the viscosity of water. They found that the water-mud interaction is to decrease the wavelength and produce a high dissipation rate when the mud is sufficiently soft and viscous. An excessively viscous mud will however retard motion and causes a decrease in the total rate of energy dissipation. A similar viscoelastic model was adopted by MacPherson (1980) on studying the attenuation of water waves over a deformable bed, where water was also assumed to be inviscid. It was shown that when the viscosity and elasticity parameters are within an intermediate range, the wave attenuation can be very significant although the bed is almost rigid in response to wave action. Piedra-Cueva (1993) extended the work of MacPherson (1980) by taking into account the viscosity of water, and therefore the continuity of shear stress through the water--mud interface. His study showed the possible occurrence of resonance in the mud layer, which can explain the high attenuation rate of the surface wave. A more elastic mud can lead to a higher wave damping rate, especially for a lower viscosity. Other researchers who have studied waves over a viscoelastic muddy bottom may include Maa and Mehta (1990), Foda et al. (1993) , Hill and Foda (1999) , and so on.
Based on the work of Dalrymple and Liu (1978) , Ng (2000) developed a two-layer Stokes boundary layer model for waves over a thin layer of Newtonian fluid mud, which is supposed to be comparable in thickness with the wave or Stokes boundary layer. While the solutions need to be determined numerically in the complete model of Dalrymple and Liu (1978) , explicit analytical solutions can be derived as obtained by Ng (2000) for the limiting case when the mud layer is thin. This limiting case deserves particular attention because, as pointed out above, the wave attenuation reaches a peak rate when the mud layer thickness is only some 50% larger than the wave boundary layer. Ng (2000) confirmed analytically that, for sufficiently viscous mud, the peak damping rate always occurs when the ratio of mud depth to Stokes boundary layer thickness is equal to 1.55. This paper aims to further look into the effects of the rheological properties of a viscoelastic bed mud on the surface waves. It is an extension of the model by Ng (2000) to the case when the mud is non-Newtonian and behaves like a viscoelastic medium. The present problem is similar to that of PiedraCueva (1993) , but in the latter the mud layer is in general of any thickness and the solutions involving a complex eigenvalue need to be sought by an iterative numerical method. In sharp contrast, a thin mud layer is assumed in the present study, thereby simplifying the analysis to the extent that explicit analytical expressions can be obtained for the 
